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Claims 

1. A type of heat-resistant transparent multilayer polyester sheet characterized by the fact 12* 
that it is prepared by laminating polycarbonate resin on one side or both sides of a base material 

made of a resin composition mainly made of polyethylene terephthalate resin and polycarbonate 
resin. 

2. The heat-resistant transparent multilayer polyester sheet described in Claim 1, 
characterized by the fact that the resin composition of the base material in Claim 1 is mainly 
made of 70-97 parts by weight of polyethylene terephthalate resin and 3-30 parts by weight of 
polycarbonate resin. 

3. A type of molding characterized by the fact that it is prepared from the heat-resistant 
transparent multilayer polyester sheet described in Claim 1 or 2. 

Detailed explanation of the invention 
[0001] 

Technical field of the invention 

This invention pertains to a type of sheet having a laminated structure and having 
excellent heat resistance, transparency, and low-temperature impact strength. This type of sheet 
can be used widely in industries and food packing. Especially, in the food industry, said sheet 
can be used preferably in making packing containers and lids for cooked foods that are to be 
heated or defrosted in microwave oven or the like. 

[0002] 
Prior art 

Examples of conventional transparent sheets include those made of polyvinyl chloride 
(PVC), polymethyl methacrylate, styrene-based copolymer resins, polyethylene terephthalate 
(PET), polycarbonate, etc. They are used as packing containers in various applications. However, 
all of these conventional sheets have both advantages and disadvantages, and their application 
fields are limited. 

[0003] 

When a polyvinyl chloride sheet is burned, an acidic gas is generated, and this causes 
many problems in environment. For the polymethyl methacrylate sheet, the impact strength is 
insufficient, and the secondary processability is poor. For the styrene-based copolymer resin 
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sheet, although the secondary processabiHty is good, it nevertheless has poor impact strength and 
oil resistance. For the polyethylene terephthalate sheet, although it has excellent transparency 
and gas barrier property, it nevertheless has a poor heat resistance, and a poor low-temperature 
impact strength. Also, for the polycarbonate sheet, although it has excellent transparency, heat 
resistance and impact strength, it nevertheless has poor gas barrier property, secondary 
processability, and economy, and it is limited to applications in industry. 

[0004] 

Because the aforementioned sheets of conventional materials, have the above problems, 
there is a demand on development of type of sheet free of the aforementioned problems and 
having excellent transparency, heat resistance and economy and which can be used in a wide 
range of applications. 

[0005] 

In order to meet this demand, a type of laminated sheet prepared from polyethylene 
terephthalate and polycarbonate has been proposed as the desired transparent sheet. 

[0006] 

Japanese Kokai Patent Application No. Sho 62[1987]-181 129 described a method 
characterized by the following facts: a polyethylene terephthalate-based polyester resin film is 
sandwiched between two polycarbonate films, and the laminate is thermally bonded to form an 
integrated laminated film, which is then thermally molded to form a container. In this patent 
application, it is described that boiling and retort sterilization can be performed. However, when 
the present inventors performed a test, it was found that when boiling and retort sterilization are 
performed for the containers made of said laminated film, the intermediate layer made of 
polyethylene terephthalate-based polyester resin is crystallized, so that transparency degrades. 
This is a problem. 

[0007] 

Also, Japanese Kokai Patent Application No. Hei 3[1991]-82530 described a type of 
multilayer sheet prepared by taking a thermoplastic polyester film as a central layer, putting 
polycarbonate layer on its two sides and then putting an outer layer made of a thermoplastic 
polyester layer on both sides. In this patent application, it is described that said multilayer sheet 
has excellent heat resistance, transparency, and secondary processability. However, according to 
the test performed by the present inventors, the impact strength of the thermoplastic polyester 
film used as the central layer and the outermost layer has a significant temperature dependence, 
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and the impact strength at temperatures lower than 0°C is poor. This is undesired. Also, very 
large equipment is needed to manufacture said multilayer sheet, and this is inappropriate for 
practical applications from the viewpoint of economy. 

[0008] 

Problems to be solved by the invention 

As explained above, it is hard to obtain a sheet with excellent heat resistance, 
transparency, low-temperature impact strength, and good economy with respect to the cost of the 
raw material and manufacturing equipment. However, with progress in distribution and 
popularization of microwave ovens, there has been increase in the demand of processed foods, 
and there is a high demand for development of a type of plastic sheet with excellent heat 
resistance, transparency, high impact strength in transportation, and, especially, a high strength 
even below 0°C. 

[0009] 

The purpose of this invention is to solve the aforementioned problems of the prior art by 
providing a type of plastic sheet and a type of molding with excellent heat resistance, 
transparency, and low-temperature impact strength. 

[0010] 

Means to solve the problem 

In order to realize the aforementioned purpose, the present inventors have performed 
extensive research. As a result of this research, it was found that when a resin composition of 
polyethylene terephthalate resin and polycarbonate resin in a prescribed ratio is taken as a base 
material, and a polycarbonate resin is laminated on one side or both sides of said base material to 
form a heat-resistant transparent multilayer polyester sheet, the low-temperature impact strength 
can be increased without degradation of the transparency. As a result, this invention was reached. 

[0011] 

That is, this invention provides a type of heat-resistant transparent multilayer polyester 
sheet characterized by the fact that it is prepared by laminating polycarbonate resin on one side 
or both sides of a base material made of a resin composition mainly made of polyethylene 
terephthalate resin and polycarbonate resin, and this invention also provides a type of molding 
made of said heat-resistant transparent multilayer polyester sheet. 
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[0012] 

Embodiment of the invention 

The base material used in this invention is a resin composition mainly made of 
polyethylene terephthalate resin and polycarbonate resin, with the proportion of polyethylene 
terephthalate resin preferably in the range of 70-97 parts by weight, and with proportion of 
polycarbonate resin preferably in the range of 3-30 parts by weight. If the proportion of 
polycarbonate is less than 3 parts by weight, the low-temperature impact strength decreases, and /3 
this is undesired. On the other hand, if the proportion of polycarbonate resin is over 30 parts by 
weight, the transparency is degraded, and this is also undesired. There is no special limitation on 
the method for blending. One may use any of the following methods. In one method, agitated 
and blended raw materials are directly loaded in the extruder for forming the sheet. In another 
method, the agitated and blended raw materials are melt blended using a uniaxial or biaxial 
extruder for pelletization, and the obtained pellets are used in sheet extrusion. 

[0013] 

As far as the composition of the multilayer sheet is concerned, the proportion of the 
polycarbonate resin layer laminated on the base material is preferably in the range of 10-30 wt% 
with respect to the entire sheet. If the proportion is less than 10 wt%, heat resistance becomes 
poor, and this is undesired. On the other hand, if the proportion is over 30 wt%, the secondary 
processability degrades, and the cost also becomes higher. 

[0014] 

The polyethylene terephthalate resin used in this invention is mainly of the type prepared 
from ethylene glycol, or terephthalic acid or its dimethyl ester. However, one may also add the 
following monomers for copolymerization to partially substitute said monomers in preparing the 
polyethylene terephthalate resin for use in this invention: glycol component, such as diethylene 
glycol, 1,4-tetramethylene glycol, 1,4-cylclohexane dimethanol, and heptane methylene glycol; 
dicarboxylic acid component, such as isophthalic acid, 1,5-naphthalenedicarboxylic acid, adipic 
acid, etc. In consideration of the moldability and transparency of the obtained copolymerized 
polyethylene terephthalate resin, the following types of polyethylene terephthalate resins are 
preferred: polyethylene terephthalate resin prepared by copolymerization with 0.1-10 mol% of 
1,4-cyclohexane dimethanol component as glycol component, and polyethylene terephthalate 
resin prepared by copolymerization with 1-10 mol% of isophthalic acid component as acidic 
component. 
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[0015] 

Especially, it is more preferred that polyethylene terephthalate resin be prepared by 
copolymerization with 1-10 mol% of 1,4-cyclohexane dimethanol component as glycol 
component, as it can delay crystallization and also has a high impact strength. For copolymers 
prepared with a higher molar ratio, crystallization becomes very slow, and problems of fusion, 
blocking, etc., take place in the extrusion step, drying step, and recycle step of, and properties of 
the obtained molding are degraded. This is undesired. 

[0016] 

Also, although not a necessity, the intrinsic viscosity [r|] (hereinafter to be referred to as 
IV value) measured at 30°C for a solution of polyethylene terephthalate resin dissolved in a 
mixture solvent (60:40) of 1,1,4,4-tetrachloroethane and phenol is preferably in the range of 
0.6-1.0 dlVg. If said intrinsic viscosity is lower than 0.6 dL/g, the mechanical strength becomes 
lower and cracks may form easily in the obtained sheet and molding. On the other hand, if the 
intrinsic viscosity is higher 1.0 dL/g, the melt viscosity rises, and the extrusion processability is 
degraded, so that productivity becomes poor, and this is undesired. 

[0017] 

The polycarbonate resin used in this invention is mainly made of bisphenol, and it is 
manufactured using the phosgene method or transesterification method. Examples of the 
bisphenol as raw material include 2,2-bis-(4-hydroxyphenyl)propane (bisphenol A), 
2,4-bis-(4-hydroxyphenyl)methyl butane, l,l-bis-(4-hydroxyphenyl)cyclohexane, etc. Also, one 
may use homopolycarbonate, copolycarbonate prepared by copolymerization with carboxylic 
acid, as well as mixtures of these. 

[0018] 

As far as the manufacturing method of the multilayer polyester sheet of this invention is 
concerned, there is no special limitation on it. Usually, it can be manufactured easily by 
coextrusion molding using the feed block method using plural extrusion molding machines or 
T-die method using multimanifold. In addition, because the resin composition layers of 
polyethylene terephthalate resin and polycarbonate resin as the base material as well as the 
polycarbonate resin layer of the surface layer are bonded to each other at a high strength in the 
melt state, laminating can be performed easily even when no adhesive layer is used. 
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[0019] 

For the multilayer sheet of this invention, as needed, various additives may be added to 
the base material and polycarbonate resin layers. Examples of the additives that may be used 
include coloring agent, pigment, dye, static inhibitor, UV absorber, energy quenching agent, light 
diffusing agent, fluorescent whitener, oxidation inhibitor, thermal stabilizer, slip agent, antiblock 
agent, filler, mat agent, fire retarding agent, etc. 

[0020] 

One may recycle the debris generated in the manufacturing process, such as lugs and 
misrolls of the sheet in sheet manufacturing process, as well as crushed moldings, with the 
proportion of the recycled material in the range of 5-50 wt% in the base material layer. 

[0021] 

For the sheet of this invention, thickness should be in the range of 0.1-1.5 mm, or 
preferably in the range of 0.2-1.0 mm. 

[0022] 

As needed, the surface of the multilayer sheet of this invention may be coated with 
printing ink or a coating type haze inhibitor or static inhibitor. In order to improve the effect of 
the coating agent, one may perform corona discharge treatment. In order to improve sliding 
property, one may coat a silicone oil emulsion. 

[0023] 

When the multilayer sheet of this invention is molded, one may use the vacuum molding 
method, thermal molding method or other conventionally used sheet molding method to form 
any desired shape. Because obtained moldings have excellent heat resistance, transparency, and 
low-temperature impact strength, they can be used as containers and lids of frozen foods that are 
to be defrozen in microwave oven, as well as containers and lids of ice creams, etc. Besides, they 
may also be used as containers for filling juices and wines while hot. In this case, no thermal 
deformation or blushing takes place, and the effect is good. 

[0024] 
Effect 

As explained above, this invention provides a type of polyester sheet for molding with 
excellent heat resistance, transparency, and low-temperature impact strength. The heat-resistant 
transparent multilayer polyester sheet of this invention has heat resistance and impact strength 
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not available from the conventional engineering plastics, such as polycarbonate resin, 

polyethylene naphthalate resin. Also, the sheet of this invention has nearly the same transparency 

and secondary processability as polyethylene terephthalate. Also, the sheet of this invention has /4 

a low cost. Consequently, it can be used not only in industry but also as packing material for 

foods. It is widely used in making packing containers and lids for cooked foods to be heated and 

defrosted in a microwave oven, and other applications. 

[0025] 

Application examples 

In the following, this invention will be explained in more detail with reference to 
application examples. 

(Evaluation methods) If not specified otherwise, the following methods are used in measurement 
of properties of the sheet and molding in an environment at 23 °C and 50% RH. 

(1) Total light transmittance, surface haze 

Samples are cut out from the sheets and moldings prepared in the application examples 
and comparative examples, and measurement is performed according to JIS K-7105 using a haze 
meter manufactured by Nippon Denshoku Kogyo K.K. 

(2) Impact strength 

Samples are cut out from the sheets prepared in the application examples and 
comparative examples, and measurement is performed on a DuPont impact tester manufactured 
by Toyo Seiki K.K. using a 1/2-inch semispherical shaped impact core, loads of 500 g and 1 kg, 
and at environment temperature of 23°C, -20°C, -30°C, and -40^0, respectively. The obtained 
50% impact damage energy values (in units of J) according to JIS-K7211 are listed in the table. 

(3) Secondary processability 

From the sheet prepared in each of the application examples and comparative examples, 
trays measuring 150 mm in length, 125 mm in width, and 30 mm in height are prepared using a 
single-shot vacuum molding machine (FK-0431-10 manufactured by Kasano Kenkyusho), and 
the moldability is evaluated with the following grades: 
O: Good 
A: Fair 
X: Poor 
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(4) Heat resistance 

Moldings prepared from the sheets manufactured in various application examples and 
comparative examples are subjected to heat treatment at 90°C, 100°C and 1 10°C, respectively, 
for 10 min in a Fine Oven DH62 manufactured by Yamato Corp., and the deformation degree 
and change in transparency are visually evaluated with the following grades: 
O: No deformation 
A: No deformation, yet blushing 
X: Deformed 

[0026] 

A pplication Examples 1-3, Comparative Examples 1-4 

With proportions listed in Table 1, polyethylene terephthalate (hereinafter to be referred 
to as PET) resin (PET9921 manufactured by Eastman Co., with IV value of 0.80) and 
polycarbonate (hereinafter to be referred to as PC) resin (Yupilon S-3000 manufactured by 
Mitsubishi Engineering Plastics Co., Ltd.) were mixed as raw materials for the base material by 
agitation. Also, PC resin was used as the raw material for layers on the two sides of the base 
material. Each raw material was dried using a dehumidifier/drier PD-30DAM and P-50DS 
manufactured by Kawata Corp. to a moisture content of 50 ppm. Then, the raw material for the 
layers on the two sides was extruded from a 40-mm uniaxial extruder manufactured by Chiyoda 
Seiki K.K., and the raw material for the base material was extruded at the same time from a 
65-mm uniaxial extruder manufactured by Chiyoda Seiki K.K. at a temperature in the range of 
260-300*^C. The extruded melt resins were merged by means of a 24ype/3-layer feed block 
manufactured by Sanwa Seiko K.K. (thickness slit ratio of 1:10:1), and were extruded from a 
700-mm-width T-die, followed by application of a quenching roll to form a 2- type/3 -layer sheet 
with thickness of 0.50 mm and sheet ratio of 82 parts by weight for base material layer and 18 
parts by weight for the layers on the two sides (ratio of 1 :9: 1 in thickness). 
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[0027] 



Table 1 
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Key: 1 Application Example 

2 Comparative Example 

3 Base material layer 

4 PC resin 

5 PET resin 

6 Two-sided layer 

7 Total light transmittance (%) 

8 Haze (%) 

9 DuPont Impact strength (J) 



[0028] 

For these sheets, the measurement results of their total light transmittance, haze, and 
impact strength are listed in Table 1. For the total light transmittance and haze, there is little 
change until the content of the PC resin in the base material reaches 30 parts by weight. Once the 
content exceeds 30 parts by weight, the haze decreases significantly. Also, for the impact 
strength, there is no change for any of the sheets before the temperature falls to '-30°C. However, 
when the temperature reaches -40*^C, if the content of PC resin in the base material is less than 5 
wt%, the strength decreases significantly. 
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[0029] 

Using a single-shot molding machine, each sheet was molded into trays shown in Figure 
1, and evaluation was performed on the secondary processability, with results listed in Table 2. 
When the content of PC resin in the base material is over 30 parts by weight, moldability 
degrades a little. 

[0030] 

Table 2 lists the results obtained in evaluation of heat resistance of the moldings. For all 
of the sheets, no deformation is observed before 130°C. However, if the content of PC resin in 
the base material is less than 5 parts by weight, blushing takes place and transparency is lost at 
1 10°C. On the other hand, when the content of PC resin is over 5 parts by weight, no blushing 
takes place. 



[0031] 



Table 2 
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Key: 1 Application Example 

2 Comparative Example 

3 Base material layer 

4 PC resin 
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5 
6 
7 
8 
9 



PET resin 
Two-sided layer 
Secondary processability 
Heat resistance (10 min) 
(Evaluation standards) 



Secondary processability 
O: Good A: Fair X: Poor 
Heat resistance 

O: No deformation or blushing A: Blushing yet no deformation X: Deformation 
and blushing 



[0032] 

Comparative Examples 5 and 6 

Using the extruding machine in Application Example 1, PET resin (Comparative 
Example 5) and PC resin (Comparative Example 6) were extruded to form 0.5-mm-thick 
monolayer sheets, respectively. The evaluation results are listed in Tables 1 and 2. For the PET 
resin monolayer sheet, although transparency and secondary processability are good, the 
low-temperature impact strength and heat resistance nevertheless are degraded significantly. For 
the PC resin monolayer sheet, although the transparency, impact strength and heat resistance are 
good, the secondary processability nevertheless is degraded significantly. 

[0033] 

Application Examples 4 and 5. Comparative Examples 7 and 8 

Using the same resin composition (90 parts by weight of PET resin + 10 parts by weight 
of PC resin) as that used in Application Example 2, and using 100 parts by weight of PC resin as 
the two-sided layers, 2-type/3-layer sheets were formed with proportions listed in Table 3, using 
the same method in all of these examples. The secondary processability of the obtained sheets 
and the heat resistance of the moldings were evaluated, with results listed in Table 3. When the 
amount of the two-sided layers is over 30 wt%, the secondary processability is degraded. On the 
other hand, if the amount of the two-sided layers is less than 10 wt%, heat resistance is degrade. 
When the proportion of the two-sided layers is 5 wt%, deformation takes place at 110°C. 
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[0034] 



Table 3 
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Key: 1 Application Example 

2 Comparative Example 

3 Composition 

4 Base material layer (wt%) 

5 Two-sided layers (wt%) 

6 Secondary processability 

7 Heat resistance (10 min) 

8 Base material layer: 90 parts by weight of PET resin; 10 parts by weight of PC 
resin 

Two-sided layers: 100 parts by weight of PC resin 

9 (Evaluation standards) 

For secondary processability: 
O: Good A: Fair X: Poor 
For heat resistance 

O: Free of deformation or blushing A: Blushing without deformation X: 
Deformation and blushing 
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Brief description of the figures 

Figure 1 is a diagram illustrating the shape of a tray used in the application example. 





Figure 1 



